the architecture of mollusc and brachiopod hard parts and their ultra-structures must guide sampling strategies for geochemical analyses. Where feasible, a detailed understanding of the diagenetic pathways and the application of multi-proxy and multi-archive approaches should form the foundation of fossil carbonate archive research. The uncritical compilation of large data sets from various carbonate-shelled organisms collected at different locations is not encouraged.
The biogenic carbonate hard parts of fossil bivalves, cephalopods and brachiopods are among the most widely exploited marine archives of Phanerozoic environmental and climate dynamics research. The advent of novel analytical tools has led many workers to explore non-traditional geochemical and petrographic proxies, and work performed in neighbouring disciplines sheds light on the complex biomineralization strategies applied by these organisms. These considerations form a strong motivation to review the potential and problems related to the compilation and interpretation of proxy data from bivalve, cephalopod and brachiopod hard parts from the viewpoint of the sedimentologist and palaeoceanographer. Specific focus is on the complex biomineralization pathways of a given dissolved ion or food particle from its aquatic environment via the digestion and biomineralization apparatus in molluscs and brachiopods and its incorporation into a biomineral. Given that molluscs and brachiopods do not secrete their hard parts from seawater but rather from their mantle and periostracum, this paper evaluates differences and similarities of seawater versus that of body fluids. Cephalopods, bivalves and brachiopods exert a strong biological control on biomineralization that, to some degree, may buffer their shell geochemistry against secular changes in seawater chemistry. Disordered (amorphous) calcium carbonate precursor phases, later transformed to crystalline biominerals, may be significant in carbonate archive research due to expected geochemical offset relative to the direct precipitation of stable phases. A reasonable level of understanding of the related mechanisms is thus crucial for those who use these skeletal hard parts as archives of the palaeo-environment. The impact of what is commonly referred to as 'biological factors' on the geochemistry of mollusc and brachiopod hard parts is explored for conventional isotope systems such as carbon, oxygen, strontium and traditionally used element to calcium ratios. In particular, the often used d 13 C carb or the Mg/Ca and Sr/Ca elemental proxies are fraught with problems. An interesting new research field represents the analysis, calibration and application of non-traditional proxies to mollusc and brachiopod hard parts. Examples include the carbonate clumped isotope (D 47 ) approach and the analysis of the isotopes of Ca, Mg, N, Li, S or element to Ca ratios such as Li/Ca or B/Ca and rare earth elements. Based on considerations discussed here, a series of "do's and don'ts" in mollusc and brachiopod archive research are proposed and suggestions for future work are presented. In essence, the suggestions proposed here include experimental work (also field experiments) making use of recent archive organisms or, where possible, a reasonable recent analogue in the case of extinct groups. Moreover, the detailed understanding of
INTRODUCTION
This paper critically evaluates the validity of geochemical proxies for past seawater properties as obtained from the carbonate hard parts of bivalves, cephalopods and brachiopods. Among the remains of a diverse spectrum of fossil marine organisms that are regularly exploited as archives, molluscs and brachiopods hold a central position for those interested in deep-time climate dynamics. This is because: (i) bivalves, cephalopods and brachiopods (Figs 1 to 3 ) are known from a wide range of (mainly marine) aquatic life habitats and climate zones; (ii) they stratigraphically cover significant portions, if not all, of the Phanerozoic record; (iii) their skeletons form on a periodic basis throughout lifetime, ranging from a few years to several centuries, and each portion of their skeleton and its related geochemical signature can be placed in a chronological context; (iv) they are common biota in many marine environments; and (v) their carbonate hard parts, under favourable conditions, are able to withstand subsequent significant diagenetic alteration.
Specifically, it is the time-resolved geochemical archive contained in these biogenic carbonates that has led sedimentologists, palaeoceanographers and palaeoecologists to explore proxies for past (neritic to basinal) oceanic seawater conditions, climate dynamics and ecological change (Urey et al., 1951; Longinelli, 1969; Grossman et al., 1993; Saelen et al., 1996; Prokoph & Veizer, 1999; Veizer et al., 1999; Khim et al., 2000; Mii et al., 2001; Richardson, 2001; Brand et al., 2003 palaeo-environmental parameters include pCO 2 , past seawater chemistry, temperature, salinity, pH, alkalinity, weathering patterns and runoff, palaeo-nutrient levels or information on elemental cycles. Moreover, numerous studies have employed mollusc and brachiopod carbonate hard parts for chemostratigraphic purposes (Grossman et al., 1993; Jenkyns et al., 2002; Dickson, 2004; Korte et al., 2005; Brand et al., 2012 Brand et al., , 2013 . A critical evaluation of these archives is of particular importance in light of controversial findings on the reliability and significance of proxy data. At present, two conflicting 'schools of thought' present themselves: One group of authors argues that skeletal hard parts of brachiopods, belemnites and bivalves
